June 10, 1952 

M. C. POTTER 
TWO-POWER ELECTRIC LOCOMOTIVE 
Filed Sept. 15, 1950 

ON-OFF Drum 
OFF 
T---÷ 
; 

66 65 

Bmking Cantraller 
4  OFF 
5 

PI 

P2 

+lA 

 -13A 

+2A 

2,600,320 

Main Drum 
OFF 2 4 6 8 I0 12 14 16 
61- i 

I I 

89 

DP 

BCG ,, 
D 

39 

Compressed 
Air 

Diesel I 

INVENTOR 
Mnley C. Poffer. 
ATTORNEY 



Patented June 10, 1952 2,600,320 

UNITED STATES PATENT OFFICE 

2,600,320 
TWO-POWER ELECTRIC LOCOMOTIVE 
¢Ianley C. Potter, Turtle Creek, Pa., assignor to 
Westtnghouse Electrtc Corporation, East Pitts- 
burgh, Pa., t corporation of Pennsylvanit 
Application September 15, 1950, Serial No. 185,06 
16 Claires. (CI. 105--61) 

1 
iVfy invention relates to two-power self-pro- 
pelled electric vehicles or locomotives, such as a 
combination trolley and diesel-electric locomo- 
tive, with or without dynamic braking. 
In such locomotives, it is always necessary to 
maintain a compressed-air supply, for operating 
.brakes, pneumatic switches and other well- 
known equipment. During operation from a 
trolley or other external electrical power-supply 
line, it is necessary to use a trolley-energized 
electric compressor-motor for driving the pump 
or compressor for the compressed-air tank. In 
most cases, this means, for practical purposes, 
that the compressed-air pump shall be driven 
by the same compressor-motor during diesel- 
operation. 
A characteristic of diesel-electric locomotives, 
however, is that the diesel or other engine is 
driven at controlled variable speeds, for driving 
an electric generator which supplies variable- 
voltage power to the traction-motors, so that 
the speed of the traction-motors is normally 
controlled by engine-throttle control, rather 
than by means of series-parallel transitions for 
the use of accelerating-resistances in series with 
the traction-motors. This means, in general, 
that there is not sufficient voltage to satisfac- 
torily drive the compressor-motor from the 
diesel-driven generator when the latter is oper- 
ating at ifs idling-speed. 
In previous combination trolley and diesel- 
electric loconotives, the continued attention of 
the operator has been needed, in order to main- 
tain the air-pressure necessary for braking, 
when the locomotive is operated from diesel 
power, without trolley connection, because elec- 
tric power for operating the compressor-motor 
would not be available if the locomotive were left 
standing unattended for any considerable length 
of rime. 
It is an important obJect of my present in- 
vention to provide a control-scheme which will 
-automatically insuïe that air-pressure is main- 
tained at all rimes, thus contributing materially 
fo the safety of combination trolley and diesel- 
electric locomotives in which the mechanical 
energy for driving the compressed-air pump is 
obtained by means of an electric compressor- 
motor. 
In practically all cases, the traction-motors 

2 
for electric locomotives are of a type requiring 
artificial cooling during certain heavy-duty con- 
ditions. For supplying such cooling, a blower is 
needed, and on combination or two-power loco- 
5 motives a blower-motor is required for driving 
this blower. 
In many, if not most, electric locomotives, 
dynamic braking is desired, so that the traction- 
motor or motors can be used for braking the 
10 locomotive. If heavy dynamic braking should 
be used for any considerable rime, as on a long 
grade, the traction-motors would soon burn out, 
unless some way could be round to maintain a 
suitable electric power-supply for the blower- 
15 motor or motors. During trolley-operation, such 
power is always available from the trolley-wire. 
During diesel-electric operation, however, a suf- 
ficient voltage for suitably energizing the 
blower-motors during dynamic braking is not 
.O available if the engine is running at ifs idling- 
speed. 
An important object of my present invention 
is, therefore, to automatically provide adequate 
power for the blower-motors when dynamic 
25 braking is used during diesel-operation. 
In accordance with a preferred form of em- 
bodiment of my invention, the main controller 
is provided, at its off-position, with an engine- 
accelerating contact which stands ready, when 
30 energized, to accelerate the engine when the 
generator is running (or has been running) at 
its idling-speed (or the idling-speed of the 
engine), as the power-supply in use at the :no- 
:nent. This engine-accelerating contact is then 
35 automatically energized, either when the pres- 
sure-gauge, coInpressor-governor, or pressure- 
operated switch on the compressed-air tank 
calls for :nore air-pressure, on when the brak- 
ing controller is :noved to ifs first braking-posi- 
4O tion or to any other braking-position in which 
the overheating of the traction-motors mlght 
be involved. 
This ]node of operation of the diesel power- 
plant, whenever co:npressor-inotor power is re- 
5 quired, create a hazard when traction-power 
is required while the compressed-air pump is 
being operated during diesel-operation. As soon 
as the main controller is :noved from its off- 
position to its first on-position, for energizing 
5O the traction-:notors from the diesel-operated 
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generator, the engine-acceleratinig contact wfll be 
disconnected, so that the enigine will be slowed 
down, but this slowinig down of the enigine ob- 
viously requires rime, and if the traction-motors 
were connected directly across the diesel-driven 
generator with the locomotive af standstfll, 
and with the diesel-engine operatinig at a high 
speed, an intoleïable surige of power would be 
delivered fo the traction-motors, which would 
strip the gears and cause other serious damage 
to the train and to the personnel. ït is neces- 
sary, therefore, fo install an undervoltage relay, 
or other device which is responsive to.a suitable 
reduction in the engine-speed, in order to de- 
enerigize the first on-position contactor-points 
of the main controller, durinig diesel operation, 
when the enigine has been operatinig ai a hiigh 
speed for compressor-operation. 
It would be possible, of course, to lnake thls 
enigine-speed relay delay the enerigization of--the 
flrst main-controller point untfl the engine- 
speed had dropped to ifs normal low-sped for 
that point, at which tflrne the traction-motors 
could be connected directly across the igenerator- 
terminals without any serially connected accele- 
ratinig-resistance, as is the normal condition or 
diesel-operation. Such a pïocedure, however, 
would cause an appreciable time-delay, in the ap- 
plication of tïaction-motor power after theper- 
ator has moved his handle to-the first controller- 
position for normal diese!-operation of the trac- 
tion-motors. 
Itis a furtheï object of my present invention, 
however, fo use the acceleratin_ig resistors, which 
are always used for trolleY-0Peration, as a 
cushion during diesel-operation. Under this 
plan, the toaster controller is so arraniged that, 
durinig diesel-opération, the fi1]st few on-position 
points of the controller will successively cut out 
the accelerating-resistors, and then, with all of 
the accelerating-resistors cut out, and with the 
traction-motors directly connectd across the 
.diesel-driven igenerator, the tractive effort which 
is applied fo the locomotive will be subsequently 
incÆeased by advancin the enigine-throttle dur- 
inig the further movement of the controller-han- 
dl-e. During normal diesel-operation,-with the 
diesel-eniine startinig from ifs idlinig speed, the 
flrst few resistor-varying on-posiçions of the 
toaster controller will .hot produce any material 
tractive effort, and will be quick.ly Passed over by 
the operator, until the first runninig position is 
reached, with the acceleratinig-resistance all out, 
after which the operation will more the con- 
troller-handle slowly for the normal acceleration 
of the train. 
During compressor-operatinig conditions, how- 
ever, when the compressoï has been operatin 
with the engine-acceleratinig contact in service, 
on the off-position of the toaster controller, if ds 
not now necessary fo make the enigine-speed 
duce substantially fo ifs idlinig-speed, before the 
traction-motors can be connected fo the enine- 
driven enerator, becaus some or all of the ac- 
celm'atinig-resistance is now in series v(ith the 
traction-motors, durin the first few points .of 
the controller-position. In accordance with my 
present invention, therefore, I set the under- 
voltaige relay, or other enigine-speed relay, so as 
fo enerigize the on-position controller-points s 
soon as the engine-speed or the igenerator-volt- 
aige drops fo some intermediate value, which wfll 
igive satisfactory starting-conditions during 
diesel-operation, in this manner the time-delaY, 
for allowinig time for enigine-deceleration, is re- 
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duced, in an exemplaiy case, to something llke 
three-quarters of a second, which is an almost 
inappreciable amount of rime. 
\¥hen the diesel power-plant is operating ai a 
5 high speed, dtn.ing compressor-operation wih 
the main controller-handle in its off-position, 
enough noise is marie so that the operator is fully 
aware of this circumstance, so thati when he 
moves his main controller-handle, under such 
0 circumstances, he wfll know not to pass quickly 
over the first few resistor-varying on-positions 
of the controller-drum, but will pause, or move 
slowly, over an early resistor-varyinig drum-posi- 
tion, so that the diesel-driven senerator-will first 
.1_5 .apply the locomotive-startinig tractive effort with 
-the abnormally high igenerator-voltage compen- 
sated for by.the.serially-connected accelerating- 
resistance in series with the traction-motors. In 
this way, an appreciable amount of power is with- 
20 .drawn from the igeneïator, which will practically 
instantly reduce its speed to ifs idlinig-speed, aftm. 
which normal control-drum manipulation may 
be used, as in ordinary diesel-operation. 
Other objects oï my invention will be apparent 
25 from the detafled description and claires, and 
from the accompanyinig drawing, wherein the 
single figure is a much simplified diaigrammatic 
view-of circuits and apparatus illustratfl]ig the 
principles of-my invention, without showinig 
0 ireleçant or non-cooperative features such-as a 
reversing-drum, a larige number of traction- 
motors connted first all in series, then in a 
series-parallel connection, and finally in a 
parallel connection, during trolley-operation, 
35 various pantograph-control and other interlocks, 
battery-chalgin_g controls, over-current lock- 
ours, and many other features which make up a 
complicated locomotive control-system, as-is well 
understood in the art, but-not necessary, here, fo 
40 an understanding of the essential novel prin- 
ciples of my invention. 
The accompanying drawing is a.schematic, or 
"acros the ine" diagram, so far as practicable. 
The various mechanical connections between 
separated parts are indicated by arrows or dotted 
'5 lines Each iaY, çontactor or electrically op- 
erated or controlled switching-device (these 
terres being lerein used interchangeaby), is in- 
.dicated by a sepal;ae letterdesignation or leg- 
S0 end, which is applied fo the operatin.g-coil and-to 
all of the contacts of the relay, as a further con- 
.vention for.symbo!ically tying the various.relay- 
parts together. .A.11 relays and switches are 
shown in the deenerigized position. In most cases, 
 the letters or numerils which designate the var- 
 ious control-circuits are similar r identical fo 
.the designation of the relays whch are controlled 
thereby, so as fo be af least suggestive oî the pur- 
poses of the several circuits. 
6O The main circuits are shown in the bottom hall 
of the drawing. The fllustratd apparatus is 
for a railway system, a portion of the trackage 
of which is equipped with a troliey-vire 24 whic! 
is intended to be representative of any external 
65 electrical power-supply line, such as a trolley, a 
third-rail, or a gathering-reel..The trolley-wire 
24, in this case, happens to be the negative ter- 
minal of a direct-current supply system, the 
positive terminal of which is grounded on the 
7O running-rail 2 which s shown af the bottom of 
the drawing. The trolley-wire 2 is engaged by 
a trolley-pole or pantograph 2S, which is 
tended fo be representative of any suitable 
cllecting-device, or connection-means vhich is 
75 adapted to energize the locomotive or-othei-self- 



propelled electric vehicle from an external elec- 
tric power-supply line, when such a line is 
available. 
The drawLug is a diagrammatic illustration of 
a combination-power or two-power locomotive, 
which carries an auxiliary e!ectric power plant 
for use when the trolley-line 24 is not available. 
As shown at the lower right-hand side of the 
drawing, the locomotive carries a diesel engine 
27, which ls lntended tobe representative of any 
Mnd of vehicle-borne variable-speed englne. 
The englne is provided with a throttle-valve 
which bas an automatic electric control which is 
shown in the form of a 1Lukage 28 which is oper- 
ated to successively advanced throttle-opening 
positions by means of four throttle-controlling 
coils or solenoids THI, TH2, TH3 and TH4, which 
are operated in certain comblnations to adjust 
the throttle-valve V to any position between its 
idllng-speed adjustment and its full-throttle 
adJustment. The diesel englue 27 bas a drlve- 
shaft connection 28 to a generator G. 
A simplified type of locomotive is illustrated, 
having only two traction-motors, which are 
shown underneath the generator G, and which 
are designated by the numerals I and 2, respec- 
tlvely. These traction-motors drive the drive- 
wheels (not shown) of the locomotive. 
The traction-motors I and 2 are cooled by 
means of blowers 34 and 36, which are driven by 
means of a blower-motor B. One of the blowers, 
such as 33, might draw its intake-air over the 
compressor-motor C, to ventilate the latter, as 
indlcated by the dotted arrows 
As shown on the drawing near the diesel 
engine 27, the locomotive is provided with a 
compressed-air tank 38, which is equipped with 
a pressure-operated switch or pressure-governor, 
hereinafter called by the generic term, pressure- 
gauge, PG, which is provided with two back- 
contacts PG, which will be referred fo in their 
proper place in the subsequent description of 
the circuits, these contacts being closed at a pre- 
determined low-pressure point, and being opened 
when the pressure exceeds a predetermined value. 
Compressed air is supplied to the tank 38 by 
means of a pump or compressor P, which iæ drlven 
by the compressor-motor C. 
As shown below the generator G, the locomo- 
tive is also equipped with a storage-battery 37, 
the negative end of which is connected fo a neg- 
ative bus (--), whfle the positive battery terminal 
is connected, through a switch 38, fo a positive 
bus (÷). 
The illustrated generator G ls provided with 
two shunt-type flelds MF and BF, and two serial- 
ly connected fields CF and SF. The first shunt- 
type field MF is a main field, whlch is self-ener- 
gized across the generator-terminals P-- and 
P÷, through the make-contact of a generator- 
fleld contactor GF, and through a variable fleld- 
resistance 38. The second shunt-type field BF 
is a small battery-energized field, whlch is con- 
nected across the atery-terminals through the 
make-contact of a contactor E, and also through 
a resistance 44. The first series field CF is a 
commutating field, which is shown as being con- 
nected between the negative generator-terminal 
P-- and the generator-armature. The second 
series field SF is a s,tartLug-field, which serves a 
series field for using the generator G as a series 
motor when the generator is used as a starter 
for the diesel engine 27, said starting-fleld SF 
being energized for this purpose from the battery 
37, through the two make-contacts GS and 
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of two generator-s,tart contactors GS and GS, 
respectively. 
The fllustrated generator G is a direct-current 
generator, having a full-speed voltage which is 
5 somewhat less than the voltage of the trolley- 
wire 24. The voltage of the generator G is ad- 
justed so tht it increases considerably faster 
than the speed, as the speed of the diesel englue 
27 is gradually increased from lts idling-speed to 
10 lts full-throttle speed, this effect being obtalned 
or enhanced by means of three overvoltage re- 
lays ESI, ES2 and ES3, which respond to suc- 
cessively higher values of the generator-voltage, 
and which short out successively larger portions 
]5 of the fleld-resistance 38, so as to strengthen the 
maLu-field excitation, as the generator-voltage 
lncreases. These overvoltage relays ES I, ES2 
and ES3 are representatlve, of course, of any en- 
gine-speed-responsive devlces. They make the 
2o generator-output more nearly responsive to the 
power-outpu capacity of the diesel englue 21, at 
all speeds. 
The two traction-motors I and 2 are series, 
direct-current motors, having series fields FI and 
25 F2, respectively, and having serially connected 
acceleratLug-resistances 43 and 46 for the motor 
I, and 47 and 48 for the motor 2. The accelerat- 
Lug-resistances 43 and 47 are cut out by means 
of shunt-conneoted make-contacts RI and 
30 respectlvely, of correspondingly numbered relays 
RI and R2. The other two accelerating-resist- 
ances 46 and 48 are cut out LU steps, by contactors 
Rll, 1%12, RI3 and contactors R21, R22, R23, re- 
spectively. 
, The compressor-motor C and the blower-motor 
B are direct-current series-motors, having series 
fields FO and FB, respectively. These motors 
are shown as having a voltage sultable for direct- 
starting across the trolley-voltage. Their volt- 
40 age-rating is so much higher than the idling- 
speed generator-voltage, that these motors wfll 
hot operate saisfactorily from the generator G, 
during diesel-operation when the trolley-supply 
is not avaflable, unless the diesel englne 27 is ac- 
45 celerated to some speed which is considerably 
higher than its idling-speed. 
During trolley-operation, the trolley-pole 26 
energizes the trolley-line 38, whlch is connected, 
through a line-switch LS, to the negative ter- 
., minal 31-- of the traction-motor No. l. The 
positive terminal 51 ÷ of this motor is at first con- 
nected, by means of a series or transition-switch 
JR, to the negative terminal 32-- of 'the traction- 
motor No. 2. The positive terminal 32÷ of this 
55 second traction-motor 2 is connected to the 
ground or rail 23, through a trolley-switch relay 
TG. 
The series-connection traction-motm- circui.t 
"can now e traced from the trolley-line 38, 
,0 through the line-switch contact Li, the negative 
No. I motor-terminal 31--, the accelerating-re- 
sistor 43, the No. I motor-armture, a No. I arma- 
ture-to-field conductor 33, the No. I field-wLud- 
ing FI, the accelerating-resistor 46, the No. I 
5 motor-terminal l÷, the transition or series- 
switch Jl, the No. 2 motor-terminal 32--, the 
accelera,tlng-resistor 45, to the No. 2 field-wind- 
ing F2, a No. 2 armature-to-fleld conductor 34, 
the No. 2 armature, the accelerating-resistor 
o the No. 2 motor-terminal 32÷, and the trolley- 
ground switch TG, to the rail 23. 
Any suitable control-system can be used for 
the trac,tion-motors I and 2. In the fllustrated 
system, the first trolley-operation is with the 
tw0 mot0rs I nd 2 in serie. After the varlou 
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,àccelerating-resistances have been successiey 
cut out, the two traction-motors  and 2 wfll then 
be connected directly in series across the trolley 
voltage, without any resistance in series with 
.them. For still higher speeds, para!lel opertion 
.is obtained, in which the sequence of cutting out 
the starting or accelerating-resistances in steps is 
repeated all over again. 
The illustrated trolleyoperation .motor-cm»E 
trol system uses a well-known trnsi$ior-step 
wherein .he acce!erat!ng-res.istances 45 an a 48 
ae first restored to service. The dropping..out 
of the ,resistance-shorting contactors 1] and 
.R28.automatiçally energizes a gr0und'[ide multi- 
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I .also provide for the.use of .th e two _t;aci0n- 
motors  and 2 t0 produce dynamic braking, by 
means of a braking-switch contact BR which 
is connected through a braking-resistor , 
across the conductors 3 and 4. The braking 
circuit .is completed by the closure of the two 
multiple-mbtor switches M and G,.leaving the 
other circuit-connection switches open, namely 
-LS, Ji, TG, P and P2. Th intensity _o.f the 
braking-action is c0ntrolled by-v.a-rying the - 
celerating-resita:nces 4 to 48, in a !nown mn 
ner. 
The motor!ng and braking operatigns re 
summarized in Tables I and II as follows: 

Table I 

Trolley-0peratlon I»ie,el- Op(,rafioa 

Io}o]o o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
Io 

OERa ...... 0 
b ...... 0 
11 ......... 
15 

Table 1I 

O ...... 
ple-motor contactor G, which shorts out the 
tracti0n-m0tor No. 2 by connecting the positive 
No.  terminl -l- fo the positive No. 2 tezm.nal 
2:1-. The picking up of this ground-side mul- 
.t.iple-ïnotor contactor GI auto.nïatically drops 55 
out the series or transition-contactor JR,, and the 
droppng out of this series or transition-contactor 
Jl automaçica.ttY picks up a power-side multiple- 
motor contactor M, .which connects the No. 
negative terminal 52-- to the No.  negative 6O 
.terminal 5 i--.  " 
For diesel-0Peration, the two traction-motors 
I.and-2 .are always c0nnected.in prallel. Two 
diesel-power retayç P and P2 are energized,.f0r 
cónnecting the negativ.e generat0r-termna P-- 65 
to the negative No.  motor-terminal 5--, and 
fol" connecting the positive generator-terminal 
P-t- to the positiçe No. 2 moor-termnal 
respectivety. The series-switch JR, is left deen- 
ergized, and the multiple-motor switches M and 70 
G are closed, to connect the two traction-motors 
 and 2 in para!lel across the generator-terminals 
P-- and P-F. Speed-control for the traction-mo- 
£ors I and 2 is obtained simply by accelerating 
te di.eselen:gine ?, and hence the generator G. 75 

Diesel-Operation Only R 1 
OF, E, TH1, TH2, TH:., TI{4   2 

o 
o o 
o o 
o o 
o o 

o 
o o 

o 
o o 
o o o 

The fo!lowing comments on the tables may be 
helpful. 
For trolley-operation, the off-position .of the 
main controller-drum energizes the two multiple- 
motor switches M and G in readiness for a 
braking-operation. The fn'st drum, point, or 
first on-position of said main controller-drum, 
deenergizes these two muitipte-motor switches 
M and G, and energizes the line and ground 
trolley-connection switches LS and TG. Con- 
tingent upon the completion of the drop-out 
movement of one or both of the parallel-mot0r 
switches M and/or G, the series-switch JR is 
energized, .on this fil:st on-position of the main 
drum, as indicated at lb in Table I. 
In order to avoid the neces,sity for opening 
he multiple-m0tor switches M and G under 
p0wer-inrush conditions, the trolley-power 
switches LS and TG can be ruade slow enough, 
in picking up (as diagrammatically indicated bY 
contact-retaïding dashDots DP), to give the par- 
a!lel-operation switches 1V and G time to get 
out firs, if desired, or the saine result could 
be accomplished by any other equival,ent time- 
coordinating designexped!ent. 
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The progressive cutting out of the accelerat- 
ing-resistances, the transition frorn series fo par- 
allel operation, and the second gradual cutting 
out of the accelerating resistances, during suc- 
cessive controller-points of the trolley-operation, 
bave already been described. The resistances can 
be cut out in many different kinds of sequences, 
and other control-cornbinations than those shown 
are also known fo the art, and available for use 
with rny present invention. 
For dielel-operation, it is a significant fea- 
ture .of my present invention that the first four 
on-positions of the drum progressively out out 
more and more of the accelerating-resistances. 
In this rnanner, I ara enabled fo use all or a 
portion of the accelerating-resistances as a cush- 
lon for perrnitting the diesel-powered operation 
of the traction-rnotors fo cornrnence sooner than 
would otherwise be possible, aïter a period of 
cornpressor-operatlon with a high speed of the 
diesel engine. The cushioning resistor rnakes if 
possible fo initiate the diesel-operation of the 
traction-motors with the diesel-speed consider- 
ably higher than the idling speed, but with 
enough resistance in series with the traction- 
rnotors to reduce the initial starting-torque to 
any desired arnount. In general, the order of 
cutting-out of progressive sections of the start- 
ing-resistances is different, for diesel-operation, 
than for trolley-operation. 
In the particular forrn of ernbodirnent of rny 
invention which I bave chosen for illustration, I 
use an expedient which I bave used beïore, prior 
to rny p.resent invention, namely the expedient 
of using only one rnain master-controller drurn, 
for both trolley and diesel-operation, and I use 
a changeover-switch CH, and suitable interlock- 
Ing relay-connections, for causing different se- 
quences of control-operations fo be perforrned by 
the main rnaster-controller drurn, according fo 
the position of the changeover-switch. I bave 
shown the changeover-switch CH as a simple 
solenoid-operated relay, having acoil CH which 
is shown underneath the diesel engine 27, in the 
lower right-hand corner of the drawing. The 
deenergized position of the changeover relay CH 
corresponds fo the normal trolley-operation,. 
which is used on those portions of the track 
where trolley-power is available. Thus, the back- 
contacts of the changeover relay CH are closed 
durlng trolley-operation. To energize the 
changeover-switch CH for diesel-operation, a 
switch 56 is shown in series with the changeover 
coil CH, for energlzing this relay and closing ifs 
norrnally open rnake-contacts, fo prepare the 
connections for diesel-operation. 
Because of these changeover-connections, in- 
volved in the particular circuits which I bave 
shown for carrying out rny invention, with a 
single main rnaster-controller drurn, the diesel- 
operation on the drurn-points 2 and 4involve an 
autornatic sequence whereby, on point 2, the 
energization of the resistance-shunting contac- 
tor R| is used fo autornatically pick up the ener 
gizations of the resistance-shunting contactors 
R|| and R2|, and on point 4, the energization 
of the resistance-shunting contactor R3 pulls 
in the resistance-shunting contactor 
After point 5, during diesel-operation, as shown 
in Table I, the next six points of the main con- 
troller-drum operate the throttle-actuating sole- 
noids TH  fo TH4 in such sequence as fo advance 
the throttle-valve V of the diesel engine 27 in 
six successive steps, until the full-throttle posi- 
tion is reached, on point |, after which this 
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condition is held, and the controller is no longer 
effective fo produce any further acceleratlon of 
the traction-rnotors during diesel-operation. 
The braking-operation which is shown in Table 
5 II needs no further cornment, except fo point 
out that, in the off-posiiton of the braking-drurn, 
the parallel-rnotor switches M and G are closed, 
and all other switches are open. The first on- 
position of the braking-drurn poEcks up the brak- 
]o ing-contactor Blé, and also, in accordance with 
my present invention, it picks up the generator- 
field switch GF, the auxiliary battery-field switch 
E, for increasing the rate of voltage-buildup in 
the generator, and al1 four throttle-coils TH| ço 
15 TH4. The c!osure of the braking-switch BR, 
imrnediately starts the braking-operation with all 
of the accelerating-resistances - fo 48 in oper- 
ation. The energization of the generator-field 
and the actuation of the diesel-engine throttle 
2O cause both the generator-voltage and the diesel« 
origine speed fo pick up fo their maximum values, 
as ïast as possible, thus rnaking available a suit- 
able source of power-supply for the blower-rno- 
for B, so that the traction-motors  and 2 will 
5 hot burn out during the braking-operation. Suc- 
cessive points on the braking-drurn out out the 
accelerating-resistances in successive steps in 
any desired ortier and rnagnitude, according fo 
the requirernents. 
:; The essential features of rny invention are 
shown in Tables I and II, as bas been described 
above. The details for carrying out the novel 
operations of rny invention are susceptible of con- 
siderable variation. 
 5 Solely by way of illustration, and without lirn- 
iting myself fo any one particular control-sys- 
rem, I bave shown, in the top. hall of the draw- 
ing, schernatically indicated control-circuits 
which will carry out the operations which bave 
,0 already been broadly described. 
The rnaster controller consists of two drurns, 
namely an "on-off" drum, and a rnain drurn, as 
indicated by suitable legends on the drawing. 
The "on-off" drum is usually a reversing drum, 
 vchich reverses the polarity of the rnotor-fields 
"' i and "2 of the tracicn-rnotors  and 2. As 
the details of these reversing-connections are well 
known, and have nothing fo do with my present 
invention, I have shown what would usually be 
the reversingdrurn, ss simply an "on-off" drum, 
50 having two positions, off and on. In the off-po- 
sition, this "on-off" drum deenergizes the master- 
controller, and this drum usually bas a remov- 
able handle (not shown) which can be rernoved, 
5 and put in an appointed place, when the operator 
leaves the locomotive unattended, so as fo pre- 
vent unauthorized rnanipulation of the controls. 
In the on-position, this "on-off" drum energizes 
two conductors, -}- and P, frorn the positive 
o bus (÷). 
The main drum of the masçer controller is 
shov] as having an off-position, and fifteen suc- 
cessively numbered on-positions, hOt counting a 
transition-position or point TI, which is located 
5 between points 8 and 9. The rnain drurn of the 
rnaster controller is shown as having four stepped 
contact-segments 6, 2, 3 and 4, each receiv- 
ing  different source of control-power. 
The first contact-segrnent  receives ifs power 
70 frorn a lead TO, representing operation from the 
"trolley only," this lead being energized frorn the 
÷ conductor through a back-contact CH of the 
change-over switch or relay CH. In the off-posi- 
tion, and also on points T through 5, of the 
75 main drurn, said first contact-segment  rnakes 



cntact with a conductor 7, whfle-on-poinf 
through TRi said contactsegment makes-con-- 
tt with a conductoz  
The conductor leads to a conductor- through- 
a back contact CH of the changeowr switch; 
as fo enrgize said conducto ç when the chauge- 
over switch is in ifs unenergized position,.foetrol- 
ley operation. is conductor 6 is also eer- 
ized; din diesel-operation, by means of a 
make-contact CH of the chane-over switch, 
which connects said conductor to the . control- 
circuit. OEhe conductor  is coected te a 
second conductor , throuh back-contacts of 
the. resistance-shorting, switches 13 and 23. 
The ls-nmed conductor 6 directly enerizes 
the opeating coil GJ of the ground-side mul- 
iple-motor_switch GI. Said conductor 66 is Iso 
connected, through n interlocking bck-contact 
 o£. the transition or series-switch JR, to the 
opertin coil M of the power-side multiple- 
tor switch 
Ehe conductor 6 is used to energize the oper- 
ating cofl JR oï the transition or seriesswitch 
, throuh n interlocking bck-contct GJ of 
the ground-side multiple-motor switch G J. 
The second contct-seent 62 of the main 
dr is used simply fo energize  conductor 
fom the Pli contro]-circuit supply-line, when 
the ma um is in its off position. 
 h thoed contactsement ç3 of.th main drum 
is energized fem a contro!-circuit supply-line 
med DO» rpr2sentin operation from the 
"diesel only." Thee are two pallsoms of 
engition_ fort tha  cenducor,  indicated 
b. te.cirts 67 and , espectivelF. Tfle flrst 
oK tse circuits, 67, egizes the DO conductor 
f the ive b (), through two intm» 
lopins-mka-concts CH nd P, ïor enm'giz- 
ing the DO conductm" fter the fourthconct- 
segment 64 has energized the esel-power switch 
PI in-the first on-position of the main drum, s 
wiH besubsequently described. 
a secoed energizing circuit , for the DO 
oendncor, .is for the purse el energizing this 
DO conductor, under proper circumstnces, when 
tha.md is on its offposiion. This circuit 
 coenect to a circuit 422 througha make- 
contact CH of the chngeover witch, and a back, 
contact P2" of-the second diesel-power switch P2. 
e conductor 42 may receive ifs energization 
through two different circuits, fiist, through a 
circuit 69, which is energized from the Pi J con- 
trolpower condctor throuh the bck contact 
PG oï the pressure-gaule, indicating tht the 
prssre i clown in the compressed-in tank 
and_that n operation of tha compressor-motor 
C is nedd in ortier fo dr]v the compressed-ah" 
p R. The second source of energiztion for 
the condctor 22 cornes ïrom the brakg con- 
troller, which will be suhsequently descrihed. 
The aforesaid third contact-segment 6S oï the 
main drum energizes II fo throttle-controlling 
conductors. THI fo TH4, in the off-position of 
themin drum, whenever the DO contro]-circuit 
 eniz. In e first rive onpositio o£ he 
main um, none of the throttle-control rcuits 
is energized. In drum-positions 6 through J 
difft cobinations of the throttle-control ch `- 
cuil to TH4 re energized, coesponding 
to-the.throttle-controHh]g solenoids THI to 
soas fo adwnce the diesel-engine throttle-wlve 
V in-successive steps, from the idlg, position to 
the;full-rott]e position. On points I I through 
 5 of the  main ', ll ofthe thmttle-control- 

llng conductors T- te T4 rernain enerized, 
suming that  the DO conductor is enerized. 
The last contact-segment 64 of the main- drum 
/sa. speed-controlling segment, for energizing, 
 and controlling the speed oL the two traction- 
motors  and 2. This ïourth contact-oEegment 64 
receives ifs energization ïrom the supply-con- 
ductor ÷. In the flrst on-posiMon of the main 
drum, the segment 64 energizes a conductor 
!; marked ÷A, which goes fo the braking control- 
ler, and through an off-position segment - there- 
on, to conductor ÷A, which is'used-to energize 
the-traction-motors f and 2 frorîl either the trol- 
ley-circuit  or the generator-terminals P-- 
.; and P÷, accordingas trolley-operation or die.e!-- 
operation is being used. 
Thus, the  conductor ÷2A is connected to a 
trolley-operation wire 2 through a back-contact 
CH and a'-back-contact Pi, to provide the neces- 
ZO sary interlocks. The wire I directly energizes 
the ground-side-trolley-operation switch TG, and 
through an interlock in the form of a back-con- 
tact BR oî thebraking, switch BI this wire 72 
also energizes the line-switch LS 
25 A second control-circuit 13, for dieseI-opera- 
tion; leads from-the ÷2A conductor through a 
make-contact CH and a backcontact LS, to pro- 
vide the necessary interlocks. In accordance 
with my inv.ention, it is hot ïeasible, in general, 
;o o energize the diesel-power switChes P and 
P2. ïrom the wire.3 without-any, engine-speed or 
generator-voltage- interlock, because of my pro- 
vision for opera%ug the diesel power-plant at 
its ïull speed, on offpositions of the main drum, 
, when the airtRnk p_ressur:gaug.e PG clls for. 
more air. Consequently, I use.a lmckcontact V 
to connect the-wire 3 toa wirefl4, which in turn. 
energizes the two di.esel_-power switches P nd 
P, and when the P switchis energized; a make 
.ci contact P2 of that switch is- used to b:-pass the 
V back-contact. The V backcontact is car- 
ried by an undervoltage relay V which is ener- 
gized ïrom the generator-trminals P-- and P÷. 
On point 2 of the main drum, a conductor  
« is energized ïrom the control-circuit q-, thus 
directly energizing the contactors  and R.2 
which short out the starting-resistors'4 and ,, 
respectively. 
On other on-positions of the main drum, the 
5 contactor-segment 4 energizes various-combina- 
tions of the conductors ,  2 22, 3 and 23, 
which energize-the correspondingly numbered 
resistor-shortLug relay.s R to R2 as will now 
be described. 
5 The precise points:at which the various resistor- 
shorting switches are energized are shown in 
Table I. If will be noted that the main drum is 
used for the speed-control of the traction-motors 
 and 2 during both trolley-operation and diesel-- 
50 operation, and that the order oï control is dif- 
ïerent, for these two operations. The connec- 
tions for these two operations will now be sep- 
arately described. 
For trolley-operation, the circuit 6 leads di- 
65 rectly to the relays or contactors i or R2 as 
has already been mentioned; the conductor  
leads to thecontactor P,I through a back-con- 
tact CH, which energizes a conductor  A which 
leads directly fo the coil R; the-conductor 2 
70 energizes the contactor R2d through another 
back contact CH, which energizes a conductor 
2A which is directly connected-to the coil 
the conductors 2, 22 and 23 lead directly to the 
respective coils R2, R22 and R.23; and the con- 
7 ductor $ is connected, through a back-contact 
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CH, fo  conductor 13A whlch is directly con- 
nected fo the coil i13. 
For diesel-operation, various interlocks re 
provided, for changing the order of energization 
of the resistance-shorting relays iI fo I2. 
Thus, the conductor I0 is connected fo the con- 
ductor I IA through a make-contact i%1 and a 
make-contact P2. The conductor I IA is con- 
nected to the conductor 2A, through another 
make-contact P. The conductor I is con- 
nected fo the conductor 2. through a make-con- 
tact P2, and the conductor J2 is connected bck 
fo the conductor A through a make-contact 
RI2 and a make-contact P2, so as fo provide a 
hold-in circuit for by-passing the CH back-con- 
tact between the circuits l and l lA. The con- 
ductor 12 is connected to the conductor 
through a make-contact P. The conductor 
is connected to the conductor 13A through a 
make-contact Pi, and the conductor 3A is con- 
nected back to the conductor 2lA through a 
make-contact 113 and a make-contact Pi. The 
conductor l lA is connected to the conductor 
through a make-contact 113 and a make-con- 
tact Pi. The operations of these diesel-power 
interconnections are summarized in the diesel- 
operation part of Table I. 
As shown in the drawing, a braking controller 
is provided, having an off-position, and rive suc- 
cessively numbered on-positions. In the off- 
position, the previously mentioned contact-sec- 
ment 71 effects a connection between the con« 
ductors lA and ÷2A, as already described. 
In the various ou-positions of the braking 
controller, a stepped contacç-segment 78 of this 
controller makes various connections from the 
control-circuit 15, which cornes from the off- 
position of the main drum, whence said con« 
trol-circuit can be traced back, through the 
conductor Pli, to the on-position of the on-off 
drum, and thus to the positive bus (÷). The 
braking contïoller, in all of its on-positions num- 
bered I to 5, energizes the previously described 
conductor 422, which energizes the "diesel-only" 
conductor DO for braking-operation, so as to en- 
ergize all four thrott!e-solenoids TI-I to 
as shown in Table II. In all of said on-posi- 
tions numbered  to , the braking controller 
also energizes a conductor 7, which energizes 
the braking contactor BI through suitable inter« 
locks in the form of a back-contact LS and a 
back-contact P. In its on-positions numbered 
2 to , the stepped contact-segment  of the 
braking controller energizes different combina- 
tions of the conductors , , 21, 2, 22, A and 
23, for controlling the resistance-shunting con 
tactors R to R2 as shown in Table II. 
Various controls are also provided for con 
trolling the compressor-motor C and the blower- 
motor B. lirst, the main circuits for these mo- 
tors will be traced. For trolley-operation, the 
negative compressor-motor terminal C-- is con- 
nected to the trolley-conductor  through a 
compressor-to-line switch CL, while the pos- 
itive compressor-motor terminal C÷ is con« 
nected to ground through a combined blower and 
compressor ground-switch BCG. 
During diesel-operation, there are two auxil- 
iary-power diesel-operation switches D and Dl: 
the switch D energizes the positive blower-motor 
terminal B-t- from the positive generator-termi- 
nal P÷, while the switch D energizes a con- 
ductor 80 from the negative generator-termi- 
nal P--. 
When the-compressor-motor C is to be en- 
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ergized from the diesel-driven generator G, a 
contactor CG is energized, which energizes the 
negative compressor-motor terminal C-- from 
the conductor 80; and another contactor CC is 
5 energized, which connects the positive blower- 
motor terminal B-- to the positive compressor..- 
motor terminal C+. 
When the blower-motor B is to be energized 
ïrom the diesel-driven generator G, the neg- 
10 ative blower-motor terminal B-- is connected to 
the conductor 80 through a contactor BG. When 
this blower-motor is to be energized from thc 
rolley-wire 24, the negative blower-motor ter- 
minal B-- is connected to the trolley supply- 
].5 line 5 through a contactor BL. 
The controls for the auxiliary diesel-power 
witches D and D I a.re shown at the extreme 
bottom of the drawing, wherein a make-contact 
CH of the change-over switch is shown as en- 
20 ergizing a conductor S from the positive bus 
(÷). This conductor 8 energizes the two con- 
tactor-coils D and D in parallel, after which 
the circuit continues through a conductor 
which is connected to the negative bus (--) 
25 through a back-contact BL and a back-contact 
BCG, providing the necessary interlocks. 
The control-circuits for the other contactors 
for energizing the compressor-motor C and the 
blower-motor B are shown, in the drawing, un- 
0 derneath the main drum of the toaster con- 
tro]ier. In the illustrated form of embodiment 
of my invention, neither the blower-motor B 
nor the compressor-motor C will operate suc- 
cessfull from the diesel-driven generator G 
..5 when the la.tter is running at its idling speec. 
Hence, these motors cannot be energized from 
the generator G except when the throttle-con- 
trolling solenoids TH to TII4 are suitably en- 
ergized for a satisfactorily advanced position of 
,/ the throttle-valve V of the diesel engine 27. 
For the control of the blower-motor's gen- 
erator-operation contactor BG, I bave accord- 
ingly shown, immediately under the main drum, 
a branch-circuit from the ttn'ottle-controlling 
5 conductor TH2, which energizes the BG coil 
through a make-contact CH and a make-contact 
D, providing the necessary interlocks. This in- 
sures that the blower-motor B will not be en- 
ergized, during diesel-operation, unless the main 
50 controller-drum bas been advanced as far as 
point 7, during the motoring-operation of the 
tractionmotors  and 2, or unless, in the off- 
position of the main drum, the "diesel-only" cir- 
cuit DO is energized either from the pressure- 
55 gauge circuit 6, calling for more compressed air, 
or from the braking-controller circuit 422, call- 
ing for the use of the traction-motors I and 2 to 
provide braking-power for the locomotive. It 
will be understood, of course, that other, more 
60 elaborate controls for the blower-motor con- 
tactor BG could be used, but these are the con- 
trols which are shown in the simplified diagram 
which is included in the accompanying drawing, 
and these controls will suffice to fllustrate the 
65 principles of my invention. 
For energizing the compressor-motor C dur- 
iug diesel-operation, I use a control-circuit which 
is branched off from the high-speed throttle- 
controlling conductor TH4, which extends, 
0 through a make-contact CH, to a conductor 85. 
The conductor is connected to the operating coil 
CG of the compressor-motor's generator-opera- 
tion contactor CG, after which a relaying cir- 
cuit 8 is extended on, through the pressure- 
75 gauge back-contact PG, to the negative bus .(--) 



The.cirDuit: 8_ is sise conIïected, through an. in- 
térlockin- make-contact D, to the operatin coil 
ce of the othez, compressor-motorcontactor ce, 
tlie circuit of which is comp]cted through the 
conductor 
Fort the tro!ley-operation of the comr.ressm:- 
motor C and the blower-motor B, i usea circuit 
S8, which cornes îi'om the positive bus (+) te a 
circuit S, through a back-contact ce and a 
back-contact D. The circuit $9 is connected, 
through a back-contact CI-I of the changeover- 
switch, te the operating oeil CL of the compres- 
sor-motor's line-switch CL,. frein which the re- 
laying ciïcuit coutinues through the conductor 
80 and the PG back-contact, te the negative 
bus (--). The circuit 9 also directly enerizes 
the operating-coil BCG of the combined b!ower 
and compresser ground-switch BCG; and 
through an h]tm.locking back-contact BG, said 
circuit 89 also energizes the operating-coil of 
the line-terminal blower-actuating contacter BL. 
The control-circuits for my illustratéd appa- 
ratus are completed by an engine-starting push- 
button ST, which is shown near the diesel en- 
fine 2, immediate]y above the engine-shaft 29. 
This starting-pushbutton ST energizes the gen- 
erator-starting contactors GS and GSI, which 
cause the generator G te start up as a series me- 
ter, energized frein the battm'y . 
The-essentia! operation of the illustrated sim- 
p]ified ferre of embodiment of my invention is 
very well shown in Tables I and II, which have 
ah'eady been described. Any control-circuit de- 
t9:i]s cou]d be used, which wi!l bring about the 
esential operation shown in the tables, or the 
substantial equivatent thereof, inctuding any rea- 
sortable w.riations te meet the exigencies of any 
Darticu]ar ooerat, in:cenditions or vottages. 
W-hile I have fllustrated my invention in one par- 
ticutar illustrative ferre of embodiment, in a very 
simplified disrm. I wish if te be understood, 
therefore; thst I de net consider my invention te 
b.e limited te these particular detai]s, but I desire 
that the appended claims shalt be giron the 
broadest interpretation consistent with their 
]nguage. 
I claire as my invention: 
1. A se]f-DropeHed t, wopower e!ectric vehicte 
comprising, . traction-moto< s, connection- 
mea.ns adapted te enerize sai,4, vehic]e frein 
external eleetric] p(re'-S].lDD!y ]hle when suCh 
 line is awi]able, a ve,rio, b!e-speed vehlc!e-borne 
eugine, a generator which is driven b:: said en- 
ine for providin a.n alternative power-suppb" 
for said vehic!e, the rated voltage of said con- 
nection-means being materially higher than the 
voltage of the generator when the latter is 
nin ai ifs idlinç-speed, a variable cceieïatins- 
resistor, for said raction-motor, controller- 
means for contro!ting the motoring-speed of the 
t.raction-motoï when the latter is operatin frein 
either one of said poweï-supp!ies, said controller- 
means havi:,g an off-position in which said trac- 
tion-motor is dee,uergizeS, and a plurality of 
on-positions in which the traction-metor 
ergized at contre!lori speeds, said controlter- 
means includins on-position heans for varyin 
said acceteratins-ïesistor when the traction-ïno 
ter is operating h'om the external poweï-supply 
and inc!uding oi»position means for varyin th 
en¢ine-speed when the traction-motor is oper- 
ating frein ttie generator, a vehicle-borne com- 
pressed-air [ank, a pressure-gauge for said tank, 
an airpump for said t.nk, a compressor-motor 
for driing said pump, and compressor-controt- 
ling mans, rsponsive te. a low-pressue condi- 

tion of said pressttre-gauge for energizing said. 
compresscr-motor frein whichever power-supp]y 
is in use at the moment, said compressor-con- 
tïollfig means including means for making 
5 adequate voltage effective on. said compressor- 
motor te enab!e said compressor-motor te effec- 
tivc!y drive said pump wh.en the generator is thc. 
powcr-supp!y ai the moment and when the coi»- 
tro]l¢r-means is in either its off-position or in 
]0 predetermined on-position at the moment when 
compressor-motor opgration is required. 
2. A self-propeiled two-power electric vehiclc 
comprising, a tractor-motor, a connection-mns 
adapted te energize said vehic!e frein an external 
]5 electrical power-supp!y line when such a line 
availab!e, a. variable-speed vehicle-borne 
gine, a generator which is driven by said ençinc 
for providing an alternative power-supp]y for 
said vehicle, the rated voitae of said connection- 
0 mcans being material!y higher than the volt- 
age of the generator when the latter is runnin 
ai its id!ing-specd, a v«riable accelerating-re- 
sistor for said traction-motor, controller-means 
for controlling the motoring-speed of the trac- 
25 tion-motor when the latter is operating frein 
either one of said power-suppties, said controller- 
means having an off-position in which said trac- 
tion-motor is deenergized, and a plurality of 
positions in which the traction-motor is ener- 
3o gized af controlled speeds, said controller-means 
including on-position means for varying said 
accelerating-resistor when the traction-motor is 
operating frein the externat power-supp!y and 
including on-position means for varying the 
s5 gine-speed when the traction-motor is operat- 
ing froïn the generator, a vehicle-borne com- 
pressed-ir tank, a pressure-gauge for said tank, 
an aiï-pump for said tank, a compressor-motor 
for driving said pump, said compr¢ssor-motor 
,, having a voltage-rating too high for satisfac- 
tory operation frein said generator when the lat- 
ter is running at ifs idling-speed, off-position en- 
gine-control!in mec, ris, operative when the con- 
trotler-means is in ifs off-position and when the 
generator is running ai its id!ing-speed as the 
45 power-supply in use at the moment, said off- 
position engine-controlling means being fuï- 
ther operative in response te a low-pressure con- 
dition of said pressure-gauge for accelerating 
the enine te a speed suitabte for energizing 
50 compressor-motor frein said generator, and com- 
pressor-controlling means responsive te a low- 
pressure condition of said pressure-gauge for 
energizing said compressor-motor from which- 
over power-supp]y is availab!e at the moment. 
55 3. A self-propetted two-power electric vehicte 
comprising: a traction-motor of a type requiring 
artificiaLcooling during certain heavy-duty con- 
ditions, a blower for supplying that coolg, a 
blower-motor for driving said btower, a connec- 
 tion-means adapted te energize said vehicte frein 
an external etectrical power-suppty line when 
such a line is available, a variable-speed vehic]e- 
borne engine, a generator which is driven by said 
origine for providing an alternative power-supp]y 
05 for said vehicle, the rated voltage of said connec- 
tion-means being materiatty higher than the volt- 
age of the generator when the latter is running 
at i idting-speed, a variable acceteradng-re- 
70 stor for. said traction-motm:, controlter-means 
for controtting the motoring-speed of the trac- 
tion-motor, and for energizing said b!ower-motor 
as requh'ed, frein whichever power-suppty is 
use at the moment, said controller-means having 
ï5 an off-sition in whi. id traction-mo is 



deenergized, and a plurality of on-positions in 
which the traction-motor is energized ai con- 
trolled speeds, said contro]ler-means including 
on-position means for varying said accelerating- 
resistor when the traction-motor is operating 
from the external power-supply and including 
on-position means for varying the engine-speed 
when the traction-motor is operating from the 
generator, and bra.king-means Ïor using said 
traction-motor for controllably braking the vehi- 
cle and for energizini the blower-motor as 
quired, when either power-supply is in use, said 
controller-means and braking-means including 
means for makinl an adequate voltage effective 
on said blower-motor to enable said blowei-mo- 
tor to effectively diive said blowei when the gen- 
erator is the power-supply at the moment and 
when the controller-means is in either its off- 
position or in a predetermined on-position ai the 
moment when blower-motor operation is re- 
quired. 
4. A self-prope]led two-power electric vehicle 
comprising: a traction-motor of a type requiring 
artiflcial coo]ing during cm'tain heavy-duty con- 
ditions, a blower for supplying that cooling, a 
blower-motor for drivini said blowei, a cormec- 
ion-means adapted to energize said vehicle from 
an external electrical power-supply line when 
such a line is available, a variable-speed vehicle- 
borne engine, a generator which is driven by said 
eniine for providing an alternative power-supply 
for said vehicle, the rated voltage ,of said connec- 
tion-means being materially higher than the 
voltage of the generator when the latter is run- 
ning at its idlini-speed, said blower-motor hav- 
ing a voltage-rating too hiih for satisfactory op- 
eration Ïrom said ienelator when the latter 
running at ifs idling-speed, a variable accelelat- 
ing-resistor for said traction-motor, controller- 
means for controlling the motorini-speed of the 
traction-motor and for energizing said blowei- 
motor as required, from whichever power-supply 
is in use ai the moment, said controller-means 
having an off-position in which said traction-mo- 
tor is deenergized, and a plurality of on-positions 
in which the traction-motor is energized at con- 
trolled speeds, said controller-means including 
on-position means for varying said acceleratini- 
resistor when he 'traction-motor is opeçating 
from the external ,power-supply and including 
on-position means for varying the engine-speed 
when the traction-motor is operatini from the 
generator, brakini-means for using said traction- 
motor for controllably braking the vehic]e and for 
energizini the blower-motor as required, when 
either power-supply is in use, and off-position 
engine-controllini means, operative when ,the 
controller-means is in ifs off-position and when 
the generator is running at its idling-speed as 
the power-supply in use at the moment, said off- 
position engine-controlling means being further 
operative in response to an on-position of said 
braking-means for accelerating the engine to a 
speed suitable for energizing said blower-motor 
from said ienelator. 
5. A self-propelted two-power electric vehicle 
comprisini: a traction-motor of a type requir- 
ing artiflcial cooling during certain heavy-duty 
conditions, a blower for supplying that coolini, 
a blowei-motor for drivini said blowei, a con- 
nection-means adapted to energize said vehicle 
fiom an external electrical power-supply line 
when such a line is available, a valiable-speed 
vehicle-boine engine, a generator which is driven 
by said engine Ïor providing an alternative power- 
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supply for said vehicle, the rated voltage of said 
connection-means being materially highei than 
the voltage of the generator when the latter is 
running ai is idling-speed, a variable accelerat- 
5 ing-resistor for said traction-motor, controller- 
means for controlling the motoring-speed of the 
traction-motor and for energizing said blower- 
motor as required, Ïrom whichever poweï-supp]y 
is in use at the moment, said controller-means 
1 o having an off-position in which said traction-mo- 
tor is deenergized, and a plurality oÏ on-positions 
in which the t'action-motor is energized at con- 
trolled speeds, said controller-means including 
on-position means for varying said accelerating'- 
 resistor when the traction-motor is operating 
from the external power-supply and including 
on-position means for varying the engine-speed 
when the traction-motor is operating from the 
generator, a vehicle-borne compressed-air tank, 
20 pressure-gauge for said tank, an air-pump for 
said tank, a compressor-motor for driving said 
poEnp, compressor-controlling means responsive 
to a low-pressure condition of said pressu'e- 
gauge for energizing said compressor-motor Ïrom 
'25 whichever power-supply is in use at the moment. 
said compïessor-controlling means including 
means for making an adequate voltage effective 
on said comp'essor-motor to enable said com- 
pressor-motor to effectively drive said pump when 
30 the generator is the power-supply ai the moment 
and when the controlleç-means is in either ifs 
off-position or in 
the moment when compressor-motor operation 
required, and braking-means for using said trac- 
.5 tion-motor for controllably braking the vehicie 
and for energizing the blower-motor as required, 
when either Dower-supply is in use, said con- 
troller-means and braMng-means including 
means for making an adequate voltage effective 
4o on said blower-motor fo enable said blower-motor 
fo effectively drive said blower when the gen- 
erator is the power-supply at the moment and 
when the controller-mem]s is in either its off- 
position or in a predetermined on-position at 
» the moment when blower-motor operation is 
quired. 
6. A self-propelled two-power electric vehicle 
comprising: a traction-motor of a type requiring 
artificial cooling duiing certain heavy-duty con- 
50 ditions, a bloweï Ïor supplying that cooiing, a 
blower-motor for driving said blower, a con- 
nection-means adapted to energize said vehicle 
from an external electrical powei-supply line 
when such a line is available, a variable-speed 
55 vehicle-borne en2"ine, a generator which is driven 
by said engine for providing an alternative pow- 
er-supply for said vehic!e, the rated voltage of 
said connection-means being materially higher 
than the voltage of the generator when the lat- 
,0 ter is running at its idling-speed, a variable ac- 
celerating-resistor for said traction-motor, con- 
troller-means for controlling the motoring speed 
of the traction-motor and for energizing said 
blower-motor as required, from whichever pow- 
»5 er-supply is in use at the moment, said con- 
troller-means having an off-position in which 
said traction-motor is deenergized, and a plu- 
rality of on-positions in which the traction-mo- 
tor is energized at contro!led speeds, said con- 
70 troller-means including on-position means for 
varying said accelerating-resistor when the trac- 
tion-motor is opm'ating from the external power- 
supply and including on-position means for vary- 
ing the engine-speed when the traction-motor is 
75 operating from the generator, a vehicle-boine 
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compressed-air tank, a pressure-gauge for said 
tank. an air-pump for said tank, a compressor- 
motor for driving said pump, said blower-motor 
and said iompressor-motor each having a volt- 
age-rating too hiffh for satisfactory operation 
from said generator when the latter is running 
ai ifs idling-speed, braking-means for using said 
traction-motor for controllab!y braking the vehi 
cle and for energizing the b!ower-motor as re- 
quired, when either power-supply is in use, off- 
position engine-controlling means operative 
when the controller-means is in ifs off-position 
and when the generator is running at its idling- 
speed as the power-supp!y in use at the moment, 
said off-position engine-contro]ling means being 
further operative in response fo an on-position 
of said braking-means for acce!erating the engine 
fo a speed suitable for energizing said blower- 
motor from said generator, said off-position 
engine-contro!ling means being still further op- 
erati.e in response fo a ]ow-pressure condition 
of said pressure-gauge for aicelerating the engine 
to a speed suitable for energizing said compres- 
sor-motor from said generator, and compressor- 
controlling means responsive fo a low-pressm'e 
condition of said iressure-gauge for energizini 
said compressor-motor from whicheveï power- 
supply is aiailable ai the moment. 
7. A self-propelled two-power electric vehicle 
comprising, a traction-motor, a connection- 
means adapted to energize said vehic]e from an 
externa] electrical power-supply line when such a 
line is availab]e, a variable-speed vehicle-borne 
engine, a generator which is driven by said origine 
for providing an alternative power-supp]y for said 
vehicle, the rated voltage of said connection- 
means being materially higher than the voltage 
of the generator when the latter is running at 
ifs idling-speed, a variable accelerating-resistor 
for said traction-motor, control]er-means for 
controlling the motoring-speed of the traction- 
motor when the latter is operating from either 
one of said power-supplies, said controller-means 
having an off-position in which said traction- 
motor is deenergized, and a p]urality of on- 
positions in which the traction-motor is ener- 
gized af contro]led speeds, soEid contro!ler-means 
inc]uding on-position means for varying said ac- 
ce]erating-resistor when the traction-motor is 
operating from the external power-supp]y and 
including on-position means for varying the 
engine-speed when the traction-motor is operat- 
ing from the generator, said centroller-means 
having an engine-accelerating contact which 
stands ready, when energized, to accelerate the 
origine in on]y the off-position of the control]er- 
means when the generator is running at 
idling-speed as the power-supply in use at the 
moment, means for at times energizing said 
engine-accelerating contact indePendent]y of said 
control]er-means, and means for deenergizing 
the first on-position of said contro]ler-means 
when the generator is the power-supply for the 
traction-motor, in response to an operative-condi- 
tion in which the generator-voltage is in excess 
of a predetermined voltage. 
. A se]f-prope]led two-power electric vehicle 
comprtsing, a traction-motor, a connection- 
means adapted fo energize said vehic]e from an 
externa] electrica] power-supply line when such 
a line is avai]able, a Variable-speed vehicle- 
borne origine, a generator which is driven by 
said origine for providing an alternative power- 
supp]y for said vehic!e, the rated voltage of said 
connection-means being materia]]y higher than 

the voltage of the generator when the latter 
running at it idling-speed, a variable accelerat- 
ing-resistor for said. traction-motor, control!er- 
means for controlling the motoring-speed of the 
 traction-motor when the latter is operating from 
either one of said power-supplier, aid controiler- 
means having an off-position in which 
traction-motor is deenergized, and a pluïality 
on-positions in which the traction-motor is ener- 
10 gized at controlled speeds, said control!er-mean 
including on«position means for varying zaid 
accelerating-resistor when the traction-motor 
operating from the external power-supp]y cnd 
including, on-position mean for varying the 
15 engine-speed when the traction-motor is oera- 
ing. from the generator, s,-id controller-meana 
having an engine-acCeleratfnç contact which 
tands ready, when energized, te accelerate th 
engine in only the offposition of the controll,ï- 
0 means when the generator is running at 
idling-speed as the power-supply in use at the 
moment, mean for af times energizing 
engine-accelerating contact independent]y of 
said controller-means, means for deenergizina 
5 the first on-position of said controller-mean 
when the generator is the power-supply for the 
traction-motor, in responge to an operative- 
condition in Whicti tlie generator-voltage 
cess of a predetermined voltage, said predeter- 
0 mined voltage being higher ttian the idling- 
voltage of the generator, and means for using 
at least some of the acceleïating-resistor in the 
traction-motor circuit when said first on-posi- 
tion-is lîrst energized as a result of a predeteï- 
35 mined drop in the generator-voltage. 
9. A self-propelled two-power electric vehic!e 
comprising, a traction-motor, a connection- 
means adapted to energize said vehicle from an 
external electrical power-supp]y line when such 
40 a line is availabie, a variable-speed vehicle- 
borne engine, a generator which is driven by said 
origine for providing an alternative power-supp]y 
for said vehic]e, the rated voltage of said con- 
nection-means being materially higher than the 
45 voltage of the generator when the latter is run- 
ning af its idling-speed, a variable accelerating- 
resistor for said traction-motor, control]er-meanz 
fer controlling the motoring-speed of the trac- 
tion-motor when the latter is operating from 
50 either one of said power-supplies, said controller- 
means having an off-position in which said 
traction-motor is deenergized, and a plurality of 
on-positions in which the traction-motor in 
energized at controlled speeds, said controller- 
55 mens including on-position means for varyin 
said accelerating-resistor when the traction- 
motor is opèrating frora the external power- 
supply and lncluding on-position means for first 
succesively cutting out said accelerating-resistor 
60 and thon varying the engine-speed when the 
traction-mOtor is operating from the generator, 
said controller-means having an engine-accel- 
erating contact which stands ready, when ener- 
gized, fo accelerate the origine in only the off- 
65 position of the controller-means when the gen- 
m'ator is running at its idling speed as the power- 
supply in use at the moment, and means for at 
finies energizing said engine-accelerating con- 
tact independently of said controller-means. 
70 10. The invention as deflned in claire 9, in 
combination with means for deenergizing one or 
more of the flrst resistor-varying on-positior.,z 
of said controller-means when the generator 
the power-supply for the traction-motor, in re- 
75 sponse to an operative-condition in which the 
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generator-voltage is in excess of a predetermined 
voltage, said predetermined voltage being higher 
than the idling-voltage of the generatoï. 
11. A self-propelled two-power electric vehicle 
comprising, a traction-motor, a cormection- 
means adapted to energize said vehicle from an 
external electrical power-supply line when such 
a ]ine is available, a variable-speed vehicle-borne 
engine, a generator which is driven by said en- 
gine for providing an alternative power-supply 
for said vehicle, the rated voltage of said con- 
nection-means being materially higher than the 
voltage of the generator when the latter is run- 
ning af ifs idling-speed, a variable accelerating- 
resistor for said traction-motor, controller-means 
for controlling the m.otoring-speed of the trac- 
tion-motor when the latîer is operating from 
either one of said power-supplies, said controller- 
means having an off-position in which said trac- 
tion-motor is deenergized, and a plurality of on- 
positions in which the traction-motor is ener- 
gized at controlled speeds, said controller-means 
including on-position means for varying said 
accelerating-resistor when the traction-motor is 
operating from the external power-supply and 
including on-position means for first successively 
cutting out said accelerating-resistor and then 
varying the engine-speed when the traction- 
motoï is operating from the generator, said con- 
troller-means having an engine-acceleïating con- 
tact which stands ready, when energized, fo 
accelerate the engine in only the off-position of 
the controller-means when the generator is run- 
ning at its idiing-speed as the power-supply in 
use af the moment, a vehicle-borne compressed- 
air tank, a pressure-gauge for said tank, an air- 
pump for said tank, a compressor-motor for driv- 
ing said pump, said compresor-motor having 
a voltage-rating too hi,gh for satisfactory opera- 
tion from said generator when the latter is run- 
ning ai ifs idiing-speed, means responsive fo a 
low-pïessure condition of said pressure-gauge for 
energizing said engine-accelerating contact, com- 
pressor-controlling means responsive to a low- 
pressure condition of said pressure-gauge for 
energizing said compressor-motor from which- 
ever power-supply is available at the moment. 
12. The invention as defined in claim 11, in 
combination with means for deenergizin,g one or 
more of the first resistor-varying on-positions 
of said controller-means when the generator is 
the poweï-supply for the traction-motor, in ïe- 
sponse fo an operative-condition in which the 
generator-voltage is in excess of a predetermined 
voltage, said predetermined voltage being higher 
than the idling-voltage of the generator. 
13. A self-propelled two-power electric vehicle 
comprising: a traction-motor of a type requir- 
ing artificial cooling during certain heavy-duty 
conditions, a blower for supplying that cooling, 
a blower-motor for driving said blower, a con- 
nection-means adapted fo energize said vehicle 
from an external electrical power-supply line 
when such a line is available, a variable-speed 
vehicle-borne engine, a generator which is driven 
by said engine for providing an alternative power- 
supply for said vehicle, the rated volçage of said 
connection-means being materially higher than 
the voltage of the generator when the latter is 
ïunning af ifs idling-speed, said blower motor 
having a voltage-rating too high for satisfactory 
operation from said generator when the latter 
is running af ifs idling-speed, a variable 
celerating-resistor for said traction-motor, con- 
trol]er-means for controlling the motoring-speed 

of the traction-motor and for energizing sai¢I 
blower-motor as required, from whichever power-. 
supply is in use at the moment, said controller- 
means having an off-position in which said trac- 
5 tion-motor is deenergized, and a plurality of on 
positions in which the traction-motor is energized 
ai controlled speeds, said controller-means in- 
cluding on-position means for varying said 
celerating-resistor when the trction-motor is 
10 operating from the external power-supply and: 
including on-position means for first successively 
cutting out said accelerating-resistor and then 
varying the engine-speed when the traction-. 
motor is operating from the generator, said con- 
15 troller-means having an engine-accelerating 
contact which stands ready, when energized, fo 
accelerate the engine in only the off-position of 
the controller-means when the generator is run- 
ning af ifs idiing-speed as the power-supply in 
2O use at the moment, braking-means for using 
said traction-motor for controllably braking the 
vehicle and for energizing the blower-motor as 
required, when either power-supply is in use, and 
means responsive fo an on-position of said brak- 
'25 ing-means for energizing said engine-accelerat- 
ing contact. 
14. The invention as defined in claim 13, in 
combination with means for deenergizing one or 
more of the flrst resistor-varying on-positions of 
3O said controller-means when the generator is the 
power-supply for the traction-motor, in response 
fo an operative-condition in which the generator- 
voltage is in excess of a predetermined voltage, 
said predetermined voltage being higher than the 
35 idling-voltage of the generator. 
15. A self-propelled two-power electric vehicle 
comprising: a traction-motor of a type requiring 
artiflcial cooling during certain heavy-duty con- 
ditions, a blower for supplying that cooling, a 
40 blower-motor for driving said blower, a connec- 
tion-means adapted fo energize said vehicle from 
an external electrical power-supply line when 
such a line is available, a variable-speed vehicle- 
borne engine, a generator which is driven by said 
45 engine for providing an alternative power-supply 
for said vehicle, the rated voltage of said connec- 
tion-means being materially higher than the 
voltage of the generator when the latter is run- 
ning at its idiing-speed, a variable accelerating- 
5o resistor for said traction-motor, controller-means 
for controlling the motoring-speed of the trac- 
tion-motor and for energizing said blower-motor 
as required, from whichever power-supply is in 
use af the moment, said controller-means having 
55 an off-position in which said traction-motor is 
deenergized, and a plurality of on-positions in 
which the traction-motor is energized af con- 
trolled speeds, said controller-means including 
on-position means for varying said accelerating- 
6O ïesistor when the traction-motor is operating 
fïom the external power-supply and including 
on-position means for flrst successively cutting 
out said accelerating-resistor and then varying 
the engine-speed when the traction-motor is 
5 operating from the generator, said controller- 
means having an engine-accelerating contact 
which stands ready, when energized, fo accelerate 
the engine in only the off-position of the con- 
troller-means when the generator is running af 
70 ifs idiing-speed, as the power-supply in use af 
the moment, a vehicle-borne compressed-air 
tank, a pressure-gauge for said tank, an air- 
pump for said tank, a compressor-motor for driv- 
ing said pump, said blower-motor and said com- 
75 pressor-motor each having a voltage-rating too 
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high for satisfacory operation from said genera- 
for when the latter is running ai ifs idling-speed, 
braking-means for using said traction-motor for 
controïably braking the vehicle and for energiz- 
ing the blower-motor as required, when either 
power-supply is in use, means responsive to an 
on-position of said braking-means for energizing 
said engine-accelerating contact, means respon- 
sire fo a low-pressure condition of said pressure- 
gauge for energizing said engine-accelerating 
contact, and compressor-controlling means re- 
sponsive to a low-pressure condition of said pres- 
sure-gauge for energizing said compressor-motor 
from whichever power-supply is available at the 
moment. 
16. The invention as defined in claire 15, in 
combination with means for deenergizing one or 
more of the first resistor-varying on-positions of 
said controller-means when the generator is the 
power-supply for the traction-motor, in response 
to an operative-condition in which the generator- 
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voltage is in excess of a predetermined voltage, 
said predetermined voltage being higher than the 
idling-voltage of the generator. 
MANLEY C. POTTEI. 
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